We compared extracts and toxicities of organic compounds (OCs) in drinking water concentrated by composite XAD-2/8 resin (mixed with an equal volume of XAD-2 and XAD-8 resins) with those extracted by single XAD-2 (non-polar) and XAD-8 (polar) resins. Drinking water was processed from raw water of the Han River and the Yangtze River in Wuhan section, China. The extraction efficiency of all resins was controlled at 30%. The types of extracted OCs were detected by gas chromatography-mass spectrometry, and the cytotoxicity and genotoxicity were assessed by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) and comet assays, respectively, in human hepatoma HepG2 cells. Our results showed that XAD-2/8 extracted a larger variety of OCs, compared with XAD-8 and XAD-2. The cytotoxicity and genotoxicity of extracted OCs were in the order of XAD-8> XAD-2/8> XAD-2 at almost all tested concentrations after 24 h treatment (P < 0.05).
INTRODUCTION
Due to industrial, agricultural, and domestic activities, natural surface waters are contaminated with a wide variety of organic compounds (OCs). Some of the OCs cannot be efficiently removed by conventional drinking water-purifying facilities, and have been detected in finished drinking water (Stackelberg et al. , ) . The presence of these concern: the potential mutagenic, genotoxic, or carcinogenic effects to human bodies associated with long-term exposure to the OCs, even if their levels in drinking water are relatively low (Loper ; Buschini et al. ; Cantor ) . Additionally, disinfection by-products, which are unintentionally created when disinfectants react with naturally occurring organic matter in source water, can induce adverse effects, such as bladder cancer, early-term miscarriage, birth defects, and respiratory diseases (Cantor ; Richardson & Postigo ) . Therefore, it is of crucial importance to monitor the levels of OCs in drinking water and evaluate their mutagenicity, genotoxicity, and carcinogenicity.
Since OCs in drinking water are generally present at low to mid ng/L levels (Stackelberg et 
MATERIALS AND METHODS

Chemicals and materials
Extraction of OCs
Before serving as sorbents, XAD resins were pre-cleaned thoroughly with distilled water, followed by washing with diethyl ether, methyl cyanide, and methanol in Soxhlet, each for 8 h. The resins were then kept in methanol before use.
Extracting OCs from drinking water by XAD resins was according to the method described previously with slight modifications ( The XAD extracts were stored at 4 W C before testing.
GC-MS analysis
The XAD extracts were dissolved in N-hexane (HPLC grade) and centrifuged at 2,000 rpm for 10 min. The supernatant was analyzed by a 6890N-5975B GC-MS system (Agilent, Santa Clara, CA, USA). The GC-MS parameters are summarized in Table 1 .
Cell culture
Human hepatoma cell line HepG2 was kindly provided by Dr Firouz Darroudi (Department of Radiation Genetics and Chemical Mutagenesis, University of Leiden, The Netherlands). The cells were cultured in DMEM at 37 W C in an incubator with a humidified atmosphere containing 5% CO 2 . DMEM was supplemented with 10% fetal calf serum and 100 U/mL penicillin/streptomycin.
MTT assay
The cytotoxicity of XAD extracts was determined by MTT 
Comet assay
The comet assay was carried out according to the method described previously with slight modifications (Tice et al. LMPA and rapidly layered onto the pre-coated slide. The slides were allowed to solidify, then immersed in freshly prepared lysis buffer (2.5 M NaCl, 100 mM EDTA, 10 mM Tris, 1% Triton X-100, and 10% DMSO, pH 10) and incubated at 4 W C for 1.5 h. From that point on, all the steps were performed in the dark to prevent additional DNA damage.
The slides were then placed randomly in a horizontal gel electrophoresis tank, which was filled with freshly prepared alkaline buffer (1 mM EDTA and 300 mM NaOH, pH >13)
at 4 W C for 20 min. Thereafter, electrophoresis (0.7 V/cm, 300 mA) was conducted at 4 W C for 20 min. After electrophoresis, the slides were soaked in a neutralizing buffer (0.4 M Tris, pH 7.5) at 4 W C for 10 min. The slides were immersed in 100% methanol for 5 min and air-dried. Finally, the slides were stained with ethidium bromide (20 μg/mL).
The comets were scored using an Olympus fluorescent microscope equipped with a 515-560 nm excitation filter, a 590 nm barrier filter, and a charge-coupled device camera. For each treatment group, 100 randomly selected cells (50 cells per replicate slide) were analyzed by CASP software.
Statistical analysis
Statistical analysis was performed using SPSS 11.0 software (SPSS Inc., Chicago, IL, USA). The data, presented as means ± SD, were analyzed by one-way analysis of variance (ANOVA) followed by Dunnett's multiple comparison tests.
The results were considered statistically significant at P < 0.05.
RESULTS
GC-MS analysis of XAD extracts
OCs in drinking water supplied from different sources (the Han River and the Yangtze River) were extracted by XAD-2, XAD-8, and XAD-2/8 resins. XAD extracts were analyzed by GC-MS, which is considered to be one of the most promising techniques for water analysis regarding its high sensitivity to OCs. As shown in (Xiang et al. 2010a ).
River and 79 in the Yangtze River) than XAD-8 and XAD-2 resins, almost equal to the sum of them.
Cytotoxicity of XAD extracts
The cytotoxicity of XAD extracts from drinking water processed from raw water of the Han River (Figure 1(a) ) and the Yangtze River (Figure 1(b) ) in HepG2 cells was evaluated by MTT assay. The extraction efficiency of the XAD resins was controlled at 30%. Our results showed that XAD extracts induced cytotoxicity in a dose-dependent manner in HepG2 cells. XAD-8 extracts were more toxic than XAD-2 extracts at all treated concentrations for drinking water supplied from both rivers (P < 0.05). Moreover, the cytotoxicity of XAD-8 extracts was greater than that of XAD-2/8 extracts at concentrations corresponding to 30, 50, and 100 mL water sample per mL of culture medium for the Han River samples, and at concentrations corresponding to 50 and 100 mL water sample per mL of culture medium for the Yangtze River samples (P < 0.05).
Compared with XAD-2 extracts, XAD-2/8 extracts were more toxic at the highest concentration for the Han River samples, and at all treated concentrations for the Yangtze River samples (P < 0.05). In summary, the order of increase in cytotoxicity in HepG2 cells was: XAD-8 extracts >
XAD-2/8 extracts > XAD-2 extracts.
Genotoxicity of XAD extracts
The genotoxicity of XAD extracts from drinking water processed from raw water of the Han River (Figure 2 However, a single resin (XAD-7 or XAD-2) was applied to extract OCs in these researches, which has been proved to selectively adsorb OCs from source water in our study.
Thus, the results cannot reflect the actual genotoxic activity of drinking water. (Xiang et al. 2010b ).
